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7KHSDSHU ILWV LQ WKH ILHOGRIELRHFRQRP\ZKLFKDLPV WKH UHFRQFLOLDWLRQEHWZHHQHQYLURQPHQWDQGHFRQRP\DSSURDFKLQJ WKH
LVVXHRIVXEVWLWXWLRQHYHQSDUWLDOO\RIWKHV\QWKHWLFQLWURJHQZLWKWKHRQHELRORJLFDOO\IL[HGWRWKHZKHDWFURS7KHVWXG\EHJDQ
\HDUVDJRLQDIDUPIURP6RXWKHUQ5RPDQLD%XUQDV3ODLQZLWKDVXUIDFHRIKD,QRUGHUWRDYRLGPRQRFXOWXUHLWKDV
EHHQSURSRVHGDFURSURWDWLRQV\VWHPZLWKILYHFURSVKDIRUHDFKFURSDVIROORZVUDSH±ZKHDW±FRUQ±VXQIORZHU±SHDV
7KH HIIHFWV RI DYRLGLQJ PRQRFXOWXUH KDYH LPPHGLDWHO\ DSSHDUHG HVSHFLDOO\ LQ GLPLQLVKLQJ WKH GLVHDVHV SHVWV DQG ZHHGV
SHUFHQWDJH ZLWK DERXW  $Q HVVHQWLDO SDUW RI WKH ZKROH DOJRULWKP LV UHSUHVHQWHG E\ WKH FURS QXWULWLRQ PDLQO\ E\ WKH
QLWURJHQRQHIRUZKHDWVLQFHLWGLUHFWO\DIIHFWVWKH\LHOGVTXDQWLW\DQGTXDOLW\7KHUHE\DSDUWRIWKHQLWURJHQFXUUHQWO\DSSOLHG
IURPEDJ V\QWKHVLV QLWURJHQ KDV EHHQ UHSODFHGZLWK ELRORJLFDO QLWURJHQ REWDLQHG IURP WKH LQSXW SURYLGHG E\ XVLQJ SHDV DV
SUHFHGLQJ SODQW  NJ1KDZKLFKPHDQV DQ DYHUDJH RI  NJ1KD\HDU DQG E\ WKH DVVRFLDWLRQPDGH E\ZKHDWZLWK WKH
Azospirillum brasilenseEDFWHULDNJ1KDQDPHO\DQDYHUDJHRINJ1KD\HDU7KHWRWDODPRXQWRIVXEVWLWXWHGQLWURJHQLV
 NJ 1KD\HDU 'RLQJ D UDWLR EHWZHHQ WKH ELRORJLFDO DQG WKH V\QWKHVLV QLWURJHQ LW ZLOO DSSHDU WKDW  RI WKH QLWURJHQ
UHTXLUHG E\ WKH SODQWV IRU WKH ZKROH FURS URWDWLRQ V\VWHP FDQ EH VXSSOLHG DW QR FRVW DQG ZLWKRXW FDXVLQJ GDPDJHV WR WKH
HQYLURQPHQW7KHHQWLUHVWXG\ZDQWVWRGHPRQVWUDWHWKDWWKHWUDQVLWLRQWRWKHFRQVHUYDWLRQDJULFXOWXUHLVDQHFHVVDU\VWHSRQRXU
ZD\WRWKHELRHFRQRPLFDJULFXOWXUHDQGWKDWLQRUGHUWRDFKLHYHWKLVREMHFWLYHXVLQJQDWXUDOPRGHOVLVFUXFLDO

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,QWURGXFWLRQ
%LRHFRQRPLFFRQFHSWKDVEHHQGLVFXVVHGE\
• 1LFKRODV*HRUJHVFX5RHJHQ±³7KH(QWURS\/DZDQGWKH(FRQRPLF3URFHVV´
• &OXERI5RPH±%UXQGWODQG5HSRUW±³2XUFRPPRQ)XWXUH´ĺUHFRQFLOLDWLRQEHWZHHQHFRQRP\
DQGHQYLURQPHQW
• /HVWHU5%URZQ±³(FR(FRQRP\%XLOGLQJDQ(FRQRP\IRUWKH(DUWK´
1 *HRUJHVFX5RHJHQ  KDV KLJKOLJKWHG WKH FRQWUDGLFWLRQ EHWZHHQ WKH LQHYLWDEOH GHJUDGDWLRQ RI QDWXUDO
UHVRXUFHVDVDUHVXOWRIWKHLUXVHDQGWKHXQOLPLWHGPDWHULDOLQFUHDVH
7KHLQFUHDVHGHQWURS\LQQDWXUDOV\VWHPVKDVOHGWRWKHQDWXUDOUHVRXUFHVGHJUDGDWLRQ)LJZKLFKLVZK\WKH
VFLHQWLVW KDV UHOHDVHG WKH LGHD RI DQ HFRQRPLF GHFUHDVH HVSHFLDOO\ LQ WKH GHYHORSHG FRXQWULHV LQ RUGHU QRW WR
YLRODWHWKHQDWXUDOODZRIHQWURS\


)LJ5HODWLRQEHWZHHQHQWURS\HQYLURQPHQWDOGHJUDGDWLRQDQG\LHOG6RXUFHRZQGHWHUPLQDWLRQ

,WLVDOUHDG\NQRZQWKDWWKHRSWLPXPQLWURJHQVXSSO\LVHVVHQWLDOQRWRQO\IRUKLJKZKHDW\LHOGVEXWDOVRIRUDQ
LQFUHDVHGOHYHORISURWHLQ&ăUăEăĠHWDO2UORIIHWDOVRIRUDEHWWHUTXDOLW\
)XUWKHUPRUHZHFDQVD\WKDWDOOWKHWHFKQRORJLFDOOLQNVDUHLPSRUWDQWDQGFRQQHFWHGWRHDFKRWKHU%RXOHORXDKHW
DO,WKDVEHHQIRXQGWKDWWKHZKHDWFURSFDQEHGLUHFWHGWRZDUGDYHUVLRQZKLFKFRUUHVSRQGVDVIDLWKIXOO\WR
DELRHFRQRPLFPRGHOIRUWKHIXWXUHVLPSO\E\FKDQJLQJVXEVWLWXWLQJFHUWDLQPDQDJHULDODFWLRQV%HUFD0DULQ
HWDO
$GGLWLRQDOO\WKLVV\VWHPZRXOGKDYHDWULSOHSRVLWLYHHIIHFWUHIOHFWHGLQ
• LQFUHDVLQJ WKHFRPSDQ\SURILWV± WKHUHVRXUFHSURGXFWLYLW\ LVD OHDG LQGLFDWRU LQPHDVXULQJSURJUHVV)URQHDQG
)URQHZKLOHWKH5RPDQLDQDJULFXOWXUHDQGHFRQRP\DUHLQWHUGHSHQGHQW7LQGHFKHHWDO
• HQVXULQJSRSXODWLRQIRRGVHFXULW\±KLJK\LHOGVZLWKKLJKTXDOLW\IRUORQJSHULRGVRIWLPH%HUFDHWDO
• SURWHFWLQJWKHHQYLURQPHQWDQGWKHQDWXUDOUHVRXUFHVLQYROYHG
7KHVHVRFDOOHGHIIHFWVRUUHVXOWVFDQDOVREHFRQVLGHUHGDVREMHFWLYHVVLQFHWKH\HPHUJHIURPWKHPDLQDLPRI
WKHUHVHDUFKWKDWRIGHPRQVWUDWLQJWKDWWKHWUDQVLWLRQWRWKHFRQVHUYDWLRQDJULFXOWXUHLVDQHFHVVDU\VWHSRQRXUZD\
WRDELRHFRQRPLFDJULFXOWXUHDQGWKLVPXVWEHGRQHXVLQJQDWXUDOSDWWHUQV
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5HVHDUFK0HWKRGV
7KHFKRVHQFURSURWDWLRQV\VWHP
• UDSH
• ZKHDW
• FRUQ
• VXQIORZHU
• SHDV
6RLOV RQ ZKLFK WKH UHVHDUFK ZDV FRQGXFWHG FKHUQR]HPV EODFN VRLOV ZLWK  KXPXV IURP %XUQDV 3ODLQ
$OH[DQGULDDUHD
:KHDWFRPHVHDFKWLPHDIWHUUDSHDQGSHDVDIWHUVXQIORZHU
,QFDVHRIZKHDWDIWHUSHDVZHZRXOGKDYHKDGDSUREOHPZLWKWKHHVWDEOLVKPHQWRIWKHZKHDW±Azospirillum
DVVRFLDWLRQVLQFHZKHDWKDYLQJWKHQLWURJHQOHIWLQWKHVRLOE\SHDVZRXOGKDYHUHIXVHGWKHFRPPXQLFDWLRQZLWKWKH
Azospirillum brasilenseDVVRFLDWLYHVSHFLHV
7KHDPRXQWRIIL[HGQLWURJHQKDVEHHQGHWHUPLQHGE\FDUU\LQJRXWDQLWURJHQEDODQFHG\QDPLF WKHODERUDWRU\
DVVD\VEHLQJSHUIRUPHGE\PHDVXULQJWKHQLWURJHQL]HVDFWLYLW\
%DFWHULDSUHVHQFHLQWRWKHVRLOLWZDVDOZD\VPLFURVFRSLFDOO\REVHUYHGLQDXWXPQ
'DWDZHUHFROOHFWHGDQGUHFRUGHGLQWDEOHVDQGWKHQSURFHVVHGXVLQJ
• WKH0DQGHOEURW6HWZKLFKLVPRUHVHFXUHWKDQWKHSUREDELOLW\WKHRU\LQWKH*DXVVLDQYHUVLRQ0DQGHOEURW
7DOHE
• WKHSUREDELOLW\WKHRU\XVLQJWKH6WXGHQWGLVWULEXWLRQ±SHUIRUPLQJWKHFRQILGHQFHLQWHUYDOVWKHFRUUHODWLRQVLQ'
DQG'
5HVXOWVDQG'LVFXVVLRQV
,WVWDUWHGIURPWKHLGHDWKDWEHWZHHQFURSVDQGHQYLURQPHQWSHUPDQHQWO\RFFXUHQHUJ\H[FKDQJHVRURWKHUH[FKDQJH
UHODWLRQV)LJ,WLVILUVWDERXWSKRWRV\QWKHVLV7KHKLJKHULVWKHSKRWRV\QWKHVLVWKHORZHULVWKHHQWURS\


)LJ([FKDQJHUHODWLRQVEHWZHHQZKHDWFURSDQGDHULDODELRWLFHQYLURQPHQW6RXUFHRZQGHWHUPLQDWLRQ

3KHQRPHQRQRIJURZWKDQGGHYHORSPHQWRQZKHDWEXWQRWRQO\LVDQRQJUDYLWDWLRQDORQH
$VVRFLDWLYHIL[DWLRQRIQLWURJHQLVSHUIRUPHGXVLQJWKHVDPHFKHPLFDOHTXDWLRQVDVWKHIUHHIL[LQJERWKIRUPV
EHLQJQRQV\PELRWLF
%RWKV\PELRWLFDQGQRQV\PELRWLFIL[DWLRQVDUHVXEMHFWHGWRWKHQGSULQFLSOHRIWKHUPRG\QDPLFVEHFDXVHVRPH
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RIWKHHQHUJ\FRPLQJIURPWKH6XQWKURXJKSKRWRV\QWKHVLVLVEHLQJRIIHUHGDVIHHGLQSXWWRWKHEDFWHULDWKDWOLYH
LQWRWKHVRLOZLWKWKHSODQWURRWV
,WFDQEHFRQVLGHUHGWKDWWKHQRQV\PELRWLFIL[DWLRQLVOLPLWHGFRUUHODWHGZLWKWZRLPSRUWDQWIDFWRUVQDPHO\WKH
ZDWHUDQGWKHVRLOWHPSHUDWXUH±WKDWIRUDVRLOZLWKKXPXVZKLFKLVLQDQDGYDQFHGSURFHVVRIHFRORJL]DWLRQ
$FKLHYLQJEDFWHULDZKHDWDVVRFLDWLRQPD\WDNHSODFHLQDXWXPQLIWKHFRQGLWLRQVRIKXPLGLW\DQGWHPSHUDWXUHDUH
IXOILOOHG7KHDVVRFLDWLRQLVPDGHIURP°&DQGDKXPLGLW\RIRIWKH$0,DFWLYHPRLVWXUHLQWHUYDO
,Q)LJLVVKRZQWKHQLWURJHQIL[DWLRQG\QDPLFVIRUWKH&DSRYDULHW\ZKLFKKDVDYHJHWDWLRQSHULRGRI
GD\V


)LJ'\QDPLFVRIQLWURJHQIL[DWLRQE\WKHDVVRFLDWLYHEDFWHULDLQWKH&DSRZKHDWYDULHW\UKL]RVSKHUH
LQUHKDELOLWDWHGVRLOV±VWDWLVWLFDORYHUYLHZ6RXUFHRZQGHWHUPLQDWLRQ

7R IDFLOLWDWH WKH FDOFXODWLRQ DQG WKH TXDQWLWDWLYH GHWHUPLQDWLRQ RI WRWDO QLWURJHQ DFFXPXODWHG ZH ZLOO DSSO\
VLPSOHLQWHJUDOWRWKHSRO\QRPLDOIURP)LJ





1RWHWKDWVROYLQJWKLVHTXDWLRQZLOOEHPDGHE\UHSODFLQJLWZLWKWKH[[FDOFXODWHGFRQVWDQWVIRUU 
LH




,WLVREYLRXVIURPWKHHTXDWLRQWKDW[→DQG$D WRWDOQLWURJHQDFFXPXODWHG<D
6ROYLQJWKHDERYHVLPSOHLQWHJUDOOHDGVWRWKHILQDOUHVXOW$D <D NJ1KD
&RQVLGHULQJWKHG\QDPLFVFXUYHIURP)LJLWUHVXOWVWKDWWKHKLJKHVWFRQFHQWUDWLRQRIQLWURJHQLVDFFXPXODWHG
EHWZHHQWKHWQ DQGWQQ GD\VIURPWKHVRZLQJPRPHQW

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
)LJ&XPXODWHGG\QDPLFVRIWKHDVVRFLDWLYHIL[HGQLWURJHQLQWKHUKL]RVSKHUHRI&DSRZKHDWYDULHW\
LQUHKDELOLWDWHGVRLO6RXUFHRZQGHWHUPLQDWLRQ

)URP 7DEOH  LW IROORZV WKDW IRU WKH SURMHFWHG FURS URWDWLRQ WKH V\PELRWLF IL[HG QLWURJHQ E\ SHDV DQG WKH
DVVRFLDWLYHRQHIURPZKHDWDQGFRUQFRYHU
• RIWKHQLWURJHQWREHDSSOLHGHPHUJHGIURPWKHUHODWLRQ[
• IURPWKHWRWDOIL[HGQLWURJHQNJKD NJKDDVVRFLDWLYHDQGIUHHQLWURJHQNJV\PELRWLF
1LH
żIURPWKHIL[HG1LVDVVRFLDWLYHKD±ZKHDWDQGFRUQ
żLVV\PELRWLFIL[DWLRQKD±SHDV
żKDDUHLQYROYHGLQDVVRFLDWLYHDQGV\PELRWLFIL[DWLRQV
żKDDUHRQO\FRQVXPHUV
7DEOH&DOFXODWLRQVV\QWKHVLVRIWKHQLWURJHQIRUPVGLVWULEXWLRQLQHDFKFXOWXUHRIWKHFURSURWDWLRQV\VWHP
5RWDWLRQ <LHOGNJKD &RQVXPSWLRQ1KD
&RQVXPSWLRQ
1WRWDOKD
,QSXWELRORJLFDO
V\QWKHWLF
7RWDO
QLWURJHQIL[HG %DODQFH
KDZKHDW  [    
KDSHDV      
KDUDSH  [    
KDFRUQ  [    
KDVXQIORZHU  [    
 Σ    

 
   
 UHDOFRUUHFWHG    
6RXUFHRZQGHWHUPLQDWLRQ
$YHUDJHFRQVXPSWLRQ1WRWDOKD NJ1KDRQDYHUDJHFURSURWDWLRQ
1LWURJHQQHHGWREHDSSOLHGDFFRUGLQJWRWKHEDODQFH NJ1KD
$VVRFLDWLYHDQGV\PELRWLFIL[HGQLWURJHQ NJ1KD
5HVWRIDSSOLHGQLWURJHQIURPWKHEDJFKHPLFDOV\QWKHVLV NJ1KD

'LIIHUHQFHV WKDWGRQ¶W DULVH IURPFDOFXODWLRQV UHSUHVHQW WKH IUHHQLWURJHQDQG WKHRQH IURP WKHQDWXUDO FLUFXLWV
JHQHUDWHGE\WKHPLFURRUJDQLVPV¶DFWLYLW\
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&RQFOXVLRQVDQG5HFRPPHQGDWLRQV
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